ABSTRACT: The paper intends to implement the use of theoretical models and computer aided simulation based on FEM for improving the teaching of cutting metals theory for the students of Machine Manufacturing Technologies and Machine Tools. The advantage of simulation, especially animated is to transpose the normal classroom into a virtual model where the skills can be evaluated under similar realistic conditions. It helps the students to be able to face the complexity of the real complex processes inside the production environment. A review of the most important models in cutting processes shows that the majority of the researches in this field tend to replace the traditional methods of calculating the cutting data parameters based on mathematical models with new complex models. The paper tries to relieve the importance of using the FEM models and simulation software for a better understanding of the process and also for providing more accurate and more detailed information. In the case studied in this paper a series of experimental models were performed for a validation of the theoretical models created by comparing the results. The advantages of using 2D and 3D animated models in the teaching and training process are also mentioned in the paper.
INTRODUCTION
The traditional teaching methods in engineering often provide engineers with integration of theoretical knowledge problems with the practical ones. As result, they Have difficulties in transposing their classroom knowledge in real manufacturing practice. This gap was remarked by the Manufacturing Engineering Society in: 1999 Critical Competency Gaps [1] .
They remarked a gap in practical knowledge of the graduates and also problems in correlation of communication skills. Introducing the teaching by modeling and simulation in engineering education the students have the possibility to better understand the real production environment where they are challenged to apply the theoretical knowledge for solving the operational problems in real companies.
THE MAIN COMPONENTS OF AN ASSISTED TEACHING MATERIAL
The experience gained by the universities in the engineering field and in correspondent research centres identifies the main points essentials in building an assisted teaching material. Its success resides in the mix between the real context, technology and the teacher. The main components are:  The theoretical model of the teaching problem;  The mathematical model for simulation; Figure 1 . Assisted learning system
The concept of using modeling and simulation has proved to be a very powerful tool in explaining, optimization and implementation of any kind of process. Especially in the higher technical education this method is wide used in all fields and mainly since the extraordinary development of computers, in all complex processes that could be simulated and modeled. Combined with multimedia facilities offered also by actual PCs this instrument became the most used tool in teaching methods.
Concerning the topic of the present paper the introduction of the FEM in the field of deformation in elasto-plastic media made possible the use of this method in the metal cutting process, thus helping the teacher to explain much easier and in a visual context all analytical models used before in this area.
Even if the simulation was considered only if the application of analytical models is not possible due to the development of special simulation programming languages, the increase of the PC power the progresses of the simulation methods transformed the method in an usual one.
Some of the advantages of simulation are presented below:  we can test the assumptions of a problem using different scenarios;  the interaction between variables can be observed very easy;  associated with animation for visualization of the process it can highlight some important aspects that can help the understanding of the phenomena;  on the simulation models the conditions of an experiment could be controlled better that in the real process;  the time can be reduced or expanded in function of the needs imposed by user;  simulation models are cheaper that the real models and the parameters can be changed very easy.
Between the disadvantages of the simulation we can notice:
 the construction of the model needs a special training and complex software;  the simulation model is always simplified and the results could be wrong.
THEORETICAL APPROACH
Introduction of simulation in the teaching process of a technical discipline can be made using the analogy of the use of visual management for an industrial process with the teaching approach. Considering the six steps of the visual management: Information deployment, Field Standards, Integration of standards, Default alert, Stop all defaults, Prevent defaults, we can develop a similar approach for the learning process. The similar six steps proposed in the paper are shown in figure 2.
Figure 2. A pyramid of an assisted learning steps
This way of organizing the training process helps the trainer to complete the information given in the first step with the next levels, thus helping the student to understand the essential of the problem by a very important use of visual memory.
Also, the student can build a procedure for learning and understand the logic of the process and not only memorize a certain aspect.
MODELLING AND SIMULATION OF THE CUTTING METAL 4.1. Introduction in software DEFORM 2D Machining
The most recent version of DEFORM 2D Machining software developed by Scientific Forming Technologies Corporation, Columbus, Ohio includes also a facility for predicting the tool wear [8] .
As literature shows the DEFORM 2D Machining software is extremely useful both in research and industrial applications and the Scientific Forming Technologies Corporation develops and supports further the system [7] .
DEFORM 2D Machining software is used for modeling and simulating the cutting process using the assumptions of orthogonal cutting. The software can simulate the cutting process using different cutting parameters like cutting speed, feed and depth for computing cutting forces, temperature of cutting zone, stress and strain state in chip and work piece, appreciation of chip form and estimation of the tool wear and tool life.
The program is structured in 3 parts [6] :
 PRE-processor, in which we choose the operation, simplified model and cutting parameters and tool parameters Figure 3 . The simulation model and the selected field [6] The tool geometry can be selected from program library or designed in a CAD software and imported as ".STL".

The simulation After the control of the input data and generation of the necessary data base the computation for the cutting simulation is run;  Post-processor presents the output data in graphical mode. Also, the tool wear can be computed using a wear analytical model for this.
Application-simulation of turning operation
For explaining the above assumptions a simulation model was developed for the turning operation with a hard metal tool. The model was constructed using Deform 2D Cutting software which has the possibility of dynamic simulation of the cutting process.
The FEM model is based on the application of elasto-plastic finite element using Usui analytical model. Subsequently is presented a short video with the real operation of turning for understanding the other parameters of the operation and with this occasion we reached the 3rd step in integration of standards of the field (figure 8). With this video we introduce the kinematic of the turning operation and notions about technological system structure: machine tool-tool-devicepiece.
Next step consists in the presentation of different turning operation and make the difference between the simple orthogonal cutting and other operations. In this stage we can emphasize upon the common elements witch make the essential and notice only the differences. Thus we reach the 4th and the 5th stage for eliminate the redundant elements of the process to facilitate the understanding. The materials for the course are designed for hard copy in the library of the university, in PDF format for eLearning and also .html with multimedia links for presentation.
This approach permits an easy integration of the courses in elearning and distance learning. The notion of e-learning has the meaning of a learning process using a computer connected at internet. It is based on a virtual classroom, an instructor (tutor) who plans the activities of the group. Using the slides the teaching can be as good as the traditional class teaching and even better if the support is well designed. The term of elearning is known also as on line learning and it is derived from "electronic learning".
The electronic form of the course can be placed on an e-learning platform in .pdf format, slide show in ppt and html format with links to the animated models and video demonstrations of the cutting operations.
In this conception the course is accessible also for the continuous education for the interested people working in companies, who want to update their skills or have to re-qualify due to economic changes.
CONCLUSIONS
This approach in teaching a technical course like cutting metals makes understanding of the fundamentals elements very easy.
Also, the integration of the simulation with the multimedia elements introduces the students in the virtual plane of simulation and also in the real environment by the video presentation even we are in a course room.
Animated models also help the student to develop skills in using modern methods in learning and research and help the improvement of designing capabilities.
The presented example combines two teaching methods: the theory from the classroom and process simulation by computer. Also a sequence of a real video record is presented for a better observation of similarities and resemblance of the simulation with the real process. Due to the facilities in changing the input parameters and the use of different scenarios in the cutting process in computer simulation this become a powerful tool for teaching and increase the level of understanding of the complex processes by the student.
In this way the competences of the graduates of engineering studies are higher and this prepare the graduate engineer for a better and easier integration in the companies.
The method is recommended even in the course room for explanations of the instructor and also in the practical work in the laboratory for observing the differences between the experiment and the theory.
